Abstract: More than 30 strains of lymphocytic choriomeningitis virus (LCMV) have been isolated from mice, hamsters and humans in the United States, Europe and Japan. Experimentally infected mice exhibit different clinical signs and lethality depending on a combination of LCMV epitope peptides and host major histocompatibility complex (MHC) class I molecules. This study examined the pathogenicity, clinical signs and lethality, of two new LCMV strains (BRC and OQ28) using three inbred mouse strains with different genetic backgrounds having different H-2D haplotypes. Strain OQ28 (OQ28) infected mice exhibited clinical signs and lethality, whereas strain BRC (BRC) infected mice showed no clinical signs of infection. The viral genome load in tissues of C57BL/6 mice infected with two strains was determined using one-step real time RT-PCR. In C57BL/6 mice, higher levels of OQ28 viral genome load were detected in all tissues rather than were present in BRC infected mice. The viral genome load in lungs of both virus strains remained higher levels than in other tissues at 28 days post infection. Comparing sequences of the three LCMV epitope peptide regions revealed one non-conservative amino acid substitution codon in OQ28 and two amino acid differences in BRC. These results suggest that the varied pathogenicity and viral genome load of LCMV strains are not based only on differences in the host MHC class I molecule.
Introduction
Lymphocytic choriomeningitis virus (LCMV) represents the prototype member of the arenavirus family which includes other highly pathogenic virus like Lassa virus and Junin virus. The first isolated LCMV was strain armstrong (armstrong) derived from an infected patient in 1933 [1] . subsequently, LCMV strain Traub (Traub) was isolated from a persistently infected mouse and LCMV strain wE (wE) was isolated from an infected patient [20, 24] . More than 30 additional strains have since been isolated from mice, hamsters and humans in the united states, Europe and Japan [2, 20, 23, 24] . Mice (Mus musculus) are a natural reservoir of LCMV and the virus is transmitted by either vertical or horizontal infection. Mice usually experience self-limiting, asymptomatic infections [11] . LCMV can be transmitted to humans via inhalation of urine or saliva droplets from infected mice [2] . although zoonotic LCMV infections are generally either asymptomatic or exhibit only mild symptoms, some infected humans experience spontaneous abortion, severe birth defects, aseptic meningitis or lethality [2] [3] [4] [5] .
The pathogenesis of LCMV is primarily investigated using experimentally infected mice. Mice inoculated intraperitoneally or intracerebrally with LCMV exhibit clinical signs including ruffled fur, half-closed eyes, a hunched posture, immobility or neurologic deficits with occasional death [2, 11] . Lethality is a result of tissue damage caused by cytotoxic T cells that recognize a complex of LCMV epitope peptides and major histocompatibility complex (MhC) class i molecules (h-2k, H-2D and H-2L in mouse) [2, 8, 28] . The effect of different H-2D haplotypes on LCMV lethality was shown using several B10 h-2-congenic mouse strains [12] . in mice infected with LCMV strain docile (docile) that is wE variant, low mortality was observed in H-2 b (-K b , -D b ; C57BL/10) and H-2 k (-K k , -D k ; B10.BR) mice while H-2 m (-K k , -D q ; B10.akM) and H-2 q (-K q , -D q ; B10.g) mice exhibited high mortality, suggesting strongly that the H-2D haplotype of mice affects LCMV lethality [12] .
LCMV strain BRC (BRC) was isolated in our laboratory [23] from an inbred wild-derived Mai/Pas mouse (originally trapped near illmitz, austria [6] ) which had been imported by the RikEn BioResouce Center (ibaraki, Japan) [10] and LCMV strain OQ28 (OQ28) was isolated from a wild mouse captured in the port city of Osaka, Japan [15] . genetic analysis of the nucleocapsid protein (NP) gene places BRC and OQ28 in different groups. OQ28 is closely to armstrong, Traub and wE (all isolated in the united states) while BRC is included in same group with LCMV strains dandenong and LE (both isolated in Europe) [1, 10, 14, 17, 20, 23, 24] . iCR mice infected with OQ28 develop clinical disease (ruffled fur, half-closed eyes and hunched posture) and some death [23] . in contrast, iCR mice infected with BRC showed no clinical signs and all survived the infection [23] .
since LCMV induced disease varies based on both virus strain and host MhC class i haplotype, we compared the pathogenicity of OQ28 and BRC using several inbred mouse strains. Viral genome persistence in tissues was revealed using infected C57BL/6 mice during the recovery phase. This study provides important knowledge about pathogenic characteristics of new LCMV strains.
Materials and Methods

Viruses
LCMV BRC (genBank/EMBL/ddBJ accession number s Rna: aB627953, L Rna: aB627956), OQ28 (s Rna: aB627952, L Rna: aB627955) and wE (ngs) (s Rna: aB627951, L Rna: aB627954) were passaged twice in newborn slc:iCR (iCR) or C57BL/6nCrslc (C57BL/6) mouse brains before use in this study [15, 23] . The mice were euthanized by decapitation under anesthesia at approximately 7 days post infection (dpi), and the brains collected from infected mice were homogenized using a Multi-beads shocker (Yasuikikai, Osaka, Japan) and diluted tenfold (10% volume/weight) in minimum essential medium. after centrifugation (1,000 rpm for 5 min at 4°C) to remove large debris, the supernatant was used for experimental inoculations. Virus titers of the supernatant were calculated as 50% tissue culture infectious dose (TCid 50 ) using an indirect fluorescent antibody assay (iFa) as described by Reed and Muench [19, 23] .
Mice sPF mice were purchased from Japan sLC, inc. (shizuoka, Japan). These mice were tested and found free of the following agents before shipment: LCMV, mouse hepatitis virus, sendai virus, pneumonia virus of mice, mouse adenovirus 1 (FL), Ectromelia virus, Mycoplasma pulmonis, Pseudomonas aeruginosa, Citrobacter rodentium, Salmonella spp., Pasteurella pneumotropica, Corynebacterium kutscheri, Clostridium piliforme, Helicobacter hepaticus, Helicobacter bilis, CaR bacillus, pinworms, intestinal protozoa, and ectoparasites. newborn iCR and C57BL/6 mice were used for passage of virus, and 3-week-old female BaLB/cCrslc (BaLB/c), dBa/1JJmsslc (dBa/1), and C57BL/6 mice were used for experimental inoculations. all mice were maintained in an environment of controlled temperature (22 ± 2°C) and humidity (40 to 70%); food and water were available ad libitum. all experiments with infectious virus were performed under animal biosafety level 3 biocontain-ment. animal care and experimental procedures were performed in accordance with the guidelines for animal Experimentation of nagasaki university with approval of the President of nagasaki university.
Experimental inoculation of mice with LCMV strains
Groups of five or six 3-week-old female BALB/c, dBa/1, and C57BL/6 mice were inoculated intraperitoneally (i.p.) with 10 4 TCid 50 of BRC, OQ28 or wE (ngs) passaged in newborn iCR mouse brains. Mice were observed for clinical signs and mortality for four weeks. Additionally, groups of five 3-week-old female C57BL/6 mice were inoculated i.p. with 10 4 TCid 50 of BRC, OQ28 or wE (ngs) passaged in newborn C57BL/6 mouse brains. For pathogenesis studies mice infected with BRC, OQ28 or wE (ngs) were euthanized at 4 and 28 dpi; mice infected with BRC were euthanized at 8, 12, 16, 56, 84 and 112 dpi. all mice were euthanized by collection of whole blood under anesthesia, and the blood, lungs, liver, spleen and kidneys were collected. These collected tissues were not perfused with saline or PBs, raising the possibility that viral genome in a little blood included in tissues was detected.
Synthesis of viral genome RNA used in standard curves
Viral genome Rna was extracted from LCMV infected C57BL/6 mouse brains using the single-step acid guanidinium thiocyanate-phenol-chloroform (agPC) procedure as described [18] , except that sodium acetate of ph 5.2 was used instead of ph 7.0. cdna was synthesized by using superscript iii Reverse Transcriptase (Invitrogen, Carlsbad, CA) and gene specific primers (5′-AARGGVATYTGYAGTTGTGGTG-3′ and 5′-GGRGAYAGRAAYCCTTATGAGAACATC-3′) according to the manufacturer's instructions. The cdna products were purified using MicroSpin S-300 HR columns (gE healthcare uk Ltd., Buckinghamshir, uk ) and the dna was eluted in water. The 151 bp of nP gene was amplified by PCR using TaKaRa Ex Taq (TaKaRa, Shiga, Japan) and gene specific primers according to the manufacturer's instructions: forward primer [BRC & WE (ngs): 5′-CCAGTGTGCATTTTGCATAGCC-3′, OQ28: 5′-CCAGTGTGCATCTTGCACAGCC-3′]; reverse primer [BRC: 5′-TGTCAAGGGTCTGATGATAT-CAG-3′, OQ28 & WE (ngs): 5′-TGTCAAGGTTCTGAT-GACATCAG-3′]. PCR reactions were run on a TP600 TakaRa PCR Thermal Cycler dice gradient (Takara, shiga, Japan) for 5 min at 95°C; 40 cycles of 30 s at 95°C, 30 s at 58°C, and 40 s at 72°C; with a final elongation step of 5 min at 72°C. PCR products were cloned into pCR2.1-TOPO vector (invitrogen, Carlsbad, Ca, USA). Plasmid DNA was purified from E. coli using a plasmid extraction kit (LaboPass, seoul, korea) and linearized with Bamhi (new England Biolabs Japan inc., Tokyo, Japan). Rna was synthesized in vitro by using an in Vitro Transcription T7 kit (TakaRa, shiga, Japan) according to the manufacturer's protocol and Rna was stored at −80°C until use.
One-step real time RT-PCR
all reactions were performed with a Thermal Cycler dice Real Time system (TakaRa, shiga, Japan) using the One step sYBR Primescript RT-PCR kit (TakaRa, shiga, Japan). The procedure was performed as follows: 
Standard curves
Concentrations of synthesized Rna were determined by using an agilent 2100 bioanalyzer Rna 6000 nano LabChip (agilent, Mississauga, On, Canada). The viral genome Rna copy number of synthesized Rna was calculated according to the following formula; Rna copy number (copies/µl)=Rna concentration (ng/µl) × 6.02 × 10 14 / [330 × Rna length (base)]. Rna of 10-fold serial dilutions ranging from 10 1 to 10 9 copies were tested by above one-step real time RT-PCR. The data were analyzed using the Thermal Cycler dice Real Time system software Ver. 4.00B (TakaRa, shiga, Japan).
The Ct values were calculated by the crossing point method and the standard curve was generated.
Calculation of viral genome load in tissues and statistical analysis
Rna in LCMV infected C57BL/6 mouse tissues was extracted using above agPC procedure and Rna was stored at −80°C until use. RNA concentrations were determined by using an agilent 2100 bioanalyzer Rna 6000 nano LabChip and were adjusted to 100 or 250 µg/ µl with h 2 O. Viral genome load in each sample was performed using above one-step real time RT-PCR and was calculated with the Thermal Cycler dice Real Time system software Ver. 4.00B based on the respective standard curves for each virus strain using synthesized RNA of 10-fold serial dilutions. Significant differences were evaluated by one-way anOVa, followed by Tukeykramer Multiple comparison test using PRisM 5 software (graphPad, san diego, Ca, usa). a P value less than 0.05 was considered to be statistical significance.
Sequences comparison of LCMV epitope peptide
Three major LCMV epitope peptide sequences in C57BL/6 mice are glycoprotein (gP) 33-41 (kaVYnFaTC), gP276-286 (sgVEnPggYCL) and nP 396-404 (FQPQngQFi) in armstrong 53b and armstrong clone13 [8, 9, 16] . These sequences were compared with sequences of each virus used for experimental inoculations to C57BL/6 mouse.
Results
Clinical signs and lethality of LCMV strains in three mouse strains
To investigate characteristics of LCMV strains, three mouse strains (BaLB/c, dBa/1 and C57BL/6 mice) were inoculated intraperitoneally with 10 4 TCid 50 of BRC, OQ28 or wE (ngs) and clinical signs and lethality were assessed. none of the three mouse strains inoculated with BRC showed any clinical signs over a 4 week observation period, and all mice survived (Fig.  1a) . in contrast, all three mouse strains inoculated with OQ28 developed clinical signs associated with LCMV infection such as ruffled fur, half-closed eyes or a hunched posture (not moving much) from 8 to 16 dpi. The ruffled fur and half-closed eyes were observed early in clinical signs, and thereafter these mice developed a hunched posture. dBa/1 mice additionally developed more severe conditions, tachypnea and shallow breathing not observed in BaLB/c or C57BL/6 mice. in OQ28 infected mice, C57BL/6 mice all survived infection and one BaLB/c mouse died at 12 dpi (17%), while all dBa/1 mice died from 7 to 10 dpi (Fig. 1B) . The surviving BaLB/c and C57BL/6 mice recovered gradually after 14 dpi and showed no clinical signs by 28 dpi. all three mouse strains inoculated with wE (ngs) developed clinical signs similar to that observed with OQ28: all BaLB/c and C57BL/6 mice develop clinical signs from 8 to 16 dpi and survived while all dBa/1 mice TCid 50 of LCMV strains BRC (a), OQ28 (B) and wE (ngs) (C). Survival analysis was statistically significant different between BALB/c and DBA/1 mice of OQ28 inoculation group (P=0.0006) and of wE (ngs) inoculation group (P=0.0005), and between C57BL/6 and dBa/1 mice of OQ28 inoculation group (P=0.0014) and of wE (ngs) inoculation group (P=0.0012).
develop clinical signs including tachypnea and shallow breathing and died by 10 dpi (Fig. 1C) . The OQ28 and wE (ngs) infected mice showed subequal clinical signs at almost the same time.
Viral genome load in tissues of infected C57BL/6 mice C57BL/6 mice inoculated with 10 4 TCid 50 of each virus strain were euthanized at 4 or 28 dpi and viral genome load in blood, lungs, liver, spleen and kidneys was calculated with the Thermal Cycler dice Real Time system software based on the respective standard curves for each virus strain (Fig. 2) . dashed line in Fig. 2 showed detection limits of synthesized Rna using standard curves. Viral genome load of several samples exceeded detection limits of synthesized Rna determined by standard curves, and non-quantifiable samples were not indicated in Fig. 2 . at 4 dpi asymptomatic C57BL/6 mice inoculated with BRC showed comparable viral genome load with that of mice inoculated with wE (ngs) which showed clinical signs. BRC and wE (ngs) viral genome load decreased at 28 dpi while OQ28 viral genome load did not. at 4 dpi viral genome load in the spleen of BRC was higher than blood, lungs and kidneys (Tukey-kramer, P<0.05), and OQ28 and wE (ngs) viral genome load in the spleen was higher than in the other four tissues (P<0.05) (Figs. 2a, C , and E). in contrast, for all three virus at 28 dpi the lungs had a higher viral genome load than in other tissues (P<0.05) (Figs. 2B,  d , and F).
Change of viral genome load in tissues from 4 to 112 dpi of C57BL/6 mice inoculated with BRC
To determine virus dynamics in mice inoculated with BRC that remained asymptomatic through 28 dpi, temporal changes of viral genome load in tissues of C57BL/6 mice were assessed through 112 dpi by using one-step real time RT-PCR. C57BL/6 mice inoculated with 10 4 TCid 50 of BRC did not develop any clinical signs of infection through 112 dpi. as in the initial experiment, Fig. 3 shows the changes in viral genome load in different tissues (blood, lungs, liver, spleen and kidneys) from 4 to 112 dpi. at 4 dpi, the viral genome load in each tissue was 1.9 × 10 4 − 2.2 × 10 6 gene copies/500 ng Rna. Viral genome load in blood, liver, spleen and kidneys decreased over time reaching the minimal level of detection by 56 dpi (Figs. 3a-d) . in contrast, the viral genome load in lungs remained at high levels even as late as 112 dpi (Fig. 3E) .
Sequence comparison of three LCMV epitope peptide in three virus strains
The sequences of three major epitope peptides in each virus used for experimental inoculations to C57BL/6 mouse accorded with amino acid sequences deposited in genBank/EMBL/ddBJ. The sequences of these three epitope peptides in armstrong 53b and armstrong clone13 are all conserved in wE (ngs). in peptide gP276-286 of BRC, two non-conservative amino acid substitutions are located at codon positions 278 (Val→Thr) and 280 (Asn→Thr). OQ28 has an amino acid substitution at codon position 403 (Phe→Tyr) of nP396-404.
Discussion
This study characterized the pathogenicity (clinical signs and lethality), viral genome load in tissues and possible relationship with CTL epitope of two LCMV strains (BRC and OQ28) using three inbred mouse strains with different genetic backgrounds having different H-2D haplotypes (BaLB/c (H-2 d ), dBa/1 (H-2 q ) and C57BL/6 (H-2 b ) mice). in a previous our study, iCR mice infected with BRC showed no clinical signs or lethality [23] . in contrast, iCR mice infected with OQ28 and wE (ngs) showed clinical signs observed in LCMV disease and lethality [23] . in this study, BRC showed no clinical signs or lethality in four additional mouse strains including C3h/heslc (C3h/he) (H-2 k ) mice (data not shown). in contrast, all mouse strains infected with OQ28 and wE (ngs) showed clinical signs of LCMV infection. dBa/1 mice exhibited the highest mortality while BaLB/c, C57BL/6 and C3h/he mice all showed low mortality. in study of Zinkernagel RM et al., although dBa/1 mice infected with aggressive and docile, wE variants, exhibited high lethality, aggressive infected BaLB/c and docile infected C3h/heJ (H-2 k ) mice exhibited high mortality and the reverse virus/ mouse strain combinations exhibited low mortality [27] . it is clear that lethality in several mouse strain infected with three virus strains used in this study is different from the two variants derived from wE (aggressive and docile).
The lethality of LCMV in mice has been reported to result from tissue damage caused by cytotoxic T cells that recognize a complex of viral epitope peptides and host MhC class i molecules present on the surface of infected cells [2, 8, 28] . a study using several B10 con- Fig. 2 . The viral genome load in tissues of C57BL/6 mice infected with 10 4 TCid 50 of each virus strain at 4 and 28 dpi; BRC-4 dpi (a), BRC-28 dpi (B), OQ28-4 dpi (C), OQ28-28 dpi (d), wE (ngs)-4 dpi (E) and wE (ngs)-28 dpi (F). The viral genome copies/500 ng Rna of each mouse tissue was calculated with the Thermal Cycler dice Real Time system software based on the respective standard curves for each virus strain (circles). dashed line indicates detection limits of synthesized Rna determined by standard curves. Viral genome load of several samples exceeded detection limits of synthesized RNA determined by standard curves, and non-quantifiable samples were not indicated. genic mouse strains suggested that the H-2D haplotype may directly determine LCMV lethality [12] . The lethality of LCMV in mice is thought to be involved in a combination of H-2D haplotype and the virus strain. since LCMV BRC showed no clinical signs or lethality in dBa/1 (H-2D q ) mice (a hypersensitive mouse H-2D haplotype), it suggests that BRC is a strain of low pathogenicity or non-pathogenicity for mice. in our previous study, viral genome in tissues of LCMV infected mice was confirmed using a qualitative method [23] . Viral quantitation by determining plaque forming unit (PFu) is a conventional quantitative method. Because OQ28 and BRC formed small plaques or foci of infection that were not visible without iFa staining, two virus strains are very difficult to assess plaque formation. in addition, PFu quantitation requires around one week while measure of viral genome Rna using real-time RT-PCR can be performed in several hours. in this study, we utilized real-time RT-PCR to obtain quantitative measurements of viral genome load in various tissues following infection. since C57BL/6 mice are commonly used to assess LCMV pathogenesis and studies of LCMV peptide regions [7, 13, 26] , we used C57BL/6 mice to compare the pathogenicity of the three LCMV strains. The viral genome load in mice infected with BRC and wE (ngs) which were asymptomatic or showed clinical signs was comparable at 4 dpi, but differed at 28 dpi (Fig. 2) . At 28 dpi, the viral genome load in lungs of BRC and wE (ngs) infected mice remained at higher levels than in other tissues, while the viral genome load in kidneys of BRC infected mice detected the low levels than that of wE (ngs). in OQ28 infected mice, higher levels of viral genome load were detected than in tissues of mice infected with BRC and wE (ngs) at 4 dpi, and the higher levels were maintained at 28 dpi. since viral genome load was only determined at 4 dpi (before disease is apparent) and 28 dpi (when clinical signs have been apparent for 8-16 dpi), changes in viral genome load that is associated with the development of clinical signs are unknown. This will likely vary for different virus strains since BRC infected mice never developed any clinical signs but virus was detected in lungs as long as 112 dpi (Fig. 3) . These results suggest that BRC is low or non-pathogenic in mice but still shows persistence of viral genome in mice.
in C57BL/6 mice (H-2 b ) three LCMV peptide regions (gP33-41, gP276-286 and nP396-404) have been identified as being important in CTL recognition and control of infection [8, 9, 16] . The sequences of these three epitope peptides in armstrong 53b and armstrong clone13 are all conserved in wE (ngs). it is thought that a strong CTL response was induced in wE (ngs) infected mice. in peptide gP276-286 of BRC, two nonconservative amino acid substitutions are located at codon positions 278 (Val→Thr) and 280 (Asn→Thr). although BRC has two amino acid substitutions in the glycoprotein epitope, no clinical signs and only low levels of viral genome load were detected in C57BL/6 mice infected with BRC. OQ28 has an amino acid substitution codon position 403 (Phe→Tyr) of NP396-404. although OQ28 infected mice showed clinical signs and viral genome load in tissues of the infected mice showed high levels rather than wE (ngs) infected mice, gP epitope peptides of OQ28 were the same as wE (ngs). This suggests the possibility that the mutation in the nP epitope peptide does not have an influence on clinical signs and viral genome load. an amino acid codon of gP260 in armstrong 53b and armstrong clone13 is Phe (F) and Leu (L) respectively [21] . as previously reported this amino acid substitution in gP260 (F260L) induced extension of the infection period in strain armstrong clone13-infected mice [21] . it was reported that the F260L mutation has been associated with high binding affinity for α-dystroglycan that is a major receptor of old world arenaviruses [22] . although gP260 in strains BRC and wE (ngs) is Leu, viral genome load in BRC infected C57BL/6 mice decreased to low levels by 28 dpi. another study demonstrates that interfering with chronic iFn-i signaling during persistent infection redirects the immune environment to enable control of infection [25] . Clinical signs and viral genome load in tissues of LCMV infected mice are associated with various factors.
Viral load using PFu in tissues of C57BL/6 mice infected with armstrong clone13 was high in kidneys and low in lungs at 30 dpi [7] . in contrast, viral genome load by using one-step real time RT-PCR in tissues of C57BL/6 mice infected with BRC and OQ28 was low in kidneys and high in lungs at 28 dpi. uniform Rna load in each tissue used in one-step real time RT-PCR of this study does not correlate with tissue weight. although viral genome load between tissues accurately is incommensurable, it appears that these two LCMV strains have a tissue tropism unlike that of armstrong clone13.
This study investigated tissue tropism, clinical signs, lethality and persistence of viral genome in three mouse strains using three LCMV strains. C57BL/6 mice infected with BRC and OQ28 show persistent presence of viral genome Rna in the lungs. Persistent high levels of virus in the lungs, alveolar fluid, may spread via aerosol rather than urine, suggesting possibility of the zoonotic infections from mice to humans may occur via respiratory system of an infected rodent. To suggest that a virus spreads via respiratory system, a measurement of viral genome load and viral load in pharyngeal mucus or saliva of mouse is a future issue. Moreover, pathogenicity and persistent infection of each virus strain are difficult to elucidate based on MHC class I peptides.
Further studies of other virus immune control mechanisms and persistent infection mechanisms are needed.
